AMS-Tracker thermal control system: Design and thermal modelling of the mechanically pumped two-phase CO2 loop by Delil, A.A.M. et al.
NLR-TP-2003-001
AMS-Tracker thermal control system:
Design and thermal modelling of the
mechanically pumped two-phase CO2 loop
A.A.M. Delil, A. Pauw, A.A. Woering and B. Verlaat
Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR
NLR-TP-2003-001
AMS-Tracker thermal control system:
Design and thermal modelling of the
mechanically pumped two-phase CO2 loop
A.A.M. Delil, A. Pauw, A.A. Woering and B. Verlaat*
*  National Institute for Nuclear and High-Energy Physics, The Netherlands
Presented as AIAA-2003-0345 at the 41st AIAA Aerospace Sciences Meeting &
Exhibit, 6-9 January 2003, Reno, NV, USA. A short version, published in the AIP
Proceedings of the Space Technology & Applications International Forum, STAIF-
2003, was presented at the Thermophysics in Micro-Gravity Conference,
2-5 February 2003, Albuquerque, NM, USA.
This report may be cited on condition that full credit is given to NLR and the authors.
Customer: National Aerospace Laboratory NLR
Working Plan number: R.1.C.2
Owner: National Aerospace Laboratory NLR
Division: Space
Distribution: Unlimited
Classification title: Unclassified
January 2003
-2-
NLR-TP-2003-001
Contents
Abstract 3
BACKGROUND 5
HYBRID CO2 MPL IS TTCS BASELINE 5
TTCS CONCEPT 7
TEST SET-UPS AND TEST RESULTS 7
THERMAL MODELLING 12
IN-ORBIT EXPERIMENTS AND FINAL REMARKS 12
NOMENCLATURE 15
REFERENCES 15
28 Figures
(16 pages in total)
-3-
NLR-TP-2003-001
!"!!#$%%&#%&'(
!)*#$+,-!./0- ,10-)!2+.34,-32+*5*,0)6
70*"84+!47+,10-)!2+)37022"48+39+,10+)0.1!4".!225+:;):07
,<3#:1!*0+.3$+233:
!"!"#"$%&'(')$!"$*+,-)$!"!"$./&0(12
3+4(/1+'$!&0/56+7&$8+9/0+4/0:$38;)$*"<"$=/>$?@A)$BACC!%$DEE&'//0F)$GH&$3&4H&0'+1F5
I*H/1&$JA?$@KL$BMMM)$N+>$JA?$@KL$BK?C)$+F&'('O1'0"1'P
+1F
="$Q&0'++4
3+4(/1+'$R154(4,4&$S/0$3,7'&+0$*H:5(75$+1F$T(2H$D1&02:$*H:5(75$3RUTDN)$!E54&0F+E)$3&4H&0'+1F5
!=*,-!.,
GH&$!#VWK$GGXV$(5$+1$RVVW0&'+4&F$4-/W6H+5&$H&+4$40+156/04
4&7H1/'/2:$F&Y&'/6E&14$ +4$38;$+1F$3RUTDN"$GH&$GGXV)
G0+7Z&0$GH&0E+'$X/140/'$V:54&E)$7/17&015$4H&$F&Y&'/6E&14
/S$+$E&7H+1(7+'':$6,E6&F$4-/W6H+5&$7+09/1$F(/>(F&$7//'(12
'//6$ S/0$ 4H&$ G0+7Z&0)$ 4H&$ E/54$ 70(4(7+'$ 6+04$ /S$ 4H&$ !'6H+
#+21&4(7$V6&740/E&4&0$!#V)$+1$R14&01+4(/1+'$V6+7&$V4+4(/1
+44+7H&F$(14&01+4(/1+'$6+:'/+F$5&+07H(12$S/0$+14(WE+44&0)$F+0Z
E+44&0$+1F$'/54$E+44&0"$!#VWK$(5$+1$(E60/Y&F$!#VW?)$4H&
F&E/1540+4(/1$&>6&0(E&14$4H+4$H+5$5,77&55S,'':$S'/-1$/1$VGVW
[?"$!#VWK$(5$E+1(S&54&F$/1$VH,44'&$S'(2H4$\NWM$S/0$+$E(55(/1
/S$ 4H0&&$ 4/$ S(Y&$ :&+05$ /1$ RVV"$GH&$ 6+6&0$ F(57,55&5$ 4H&$GGXV
/9]&74(Y&5$ +1F$ 0&^,(0&E&145)$ 4H&$ 40+F&W/SS$ 9+5&F$ 7H/(7&$ +1F
&>6&0(E&14+'$ S&+5(9('(4:$ F&E/1540+4(/1$ /S$ 4H&$ E&7H+1(7+'':
6,E6&F$4-/W6H+5&$X<K$7//'(12$'//6)$4H&$F&Y&'/6E&14$/S$4&54
5&4W,65)$ (17',F(12$+1F$+$ S,''W57+'&$GGXV$ 5(E,'+4(/1$ '//6$ +1F
(45$ 7/E6/1&145"$ ;&5,'45$ /S$ &>6&0(E&145$ +1F$ /S$ 4H&0E+'
E/F&''(12$+1F$5(E,'+4(/15$-(''$9&$F(57,55&F$(1$F&4+('"
N(2,0&$?"$!'6H+$#+21&4(7$V6&740/E&4&0$!#V$57H&E+4(7$$+1F$4H&$6+04(7'&5$4/$9&$F&4&74&F$9:$5(21+'5$/S$F(SS&0&14$F&4&74/05
I&'&740/15)$6/5(40/15)$60/4/15)$T&'(,E$1,7'&($+1F$2+EE+$0+:5P"
-4-
NLR-TP-2003-001
N(2,0&$K"$*(74,0&$/S$4H&$!'6H+$#+21&4(7$V6&740/E&4&0$!#VWK"
N(2,0&$A"$$!#VWK$'/7+4(/1$/1$RVV"
-5-
NLR-TP-2003-001
=!./8-3;47
GH&$ !'6H+$ #+21&4(7$ V6&740/E&4&0$ !#V?$ (5$ +1
(14&01+4(/1+'$ &>6&0(E&14)$ '&F$ 9:$ 3/9&'$ *0(_&$ '+,0&+4&
V+E,&'$ G(12$ I#RGP)$ 5&+07H(12$ S/0$ +14(WE+44&0)$ F+0Z
E+44&0$+1F$ '/54$E+44&0"$ R4$ (5$ +$ 6+04(7'&$ F&4&74/0$ S/0$ H(2HW
&1&02:$ 7/5E(7$ 0+:5$ IN(25"$ ?)$ KP)$ 7/15(54(12$ 4H&$ 5,9W
F&4&74/05`$ GH&$ IV('(7/1P$ G0+7Z&0)$ 4H&$ G(E&$ /S$ N'(2H4
IG/NP$ 5:54&E)$ 4H&$ Q&4/$ X/,14&05)$ 4H&$ G0+15(4(/1
;+F(+4(/1$ %&4&74/0$ IG;%P)$ 4H&$ V:17H0/40/1$ ;+F(+4(/1
%&4&74/0$ IV;%P)$ 4H&$ ;(12$ RE+2(12$ XH&0&1Z/Y$ X/,14&0
I;RXTP)$ 4H&$ !14(WX/(17(F&17&$ X/,14&0)$ +1F$ 4H&
D'&740/E+21&4(7$ X+'/0(E&4&0"$ GH&$ F&E/1540+4(/1
&>6&0(E&14$!#VW?$H+5$ 5,77&55S,'':$ S'/-1$ (1$ a,1&$?[[B
/1$4H&$V6+7&$VH,44'&$%(57/Y&0:$IVGVW[?P"
!#VWK)$ +1$ (E60/Y&F$ I0&5/',4(/1P$ Y&05(/1$ /S$ !#VW?)$ (5
E+1(S&54&F$ /1$ VH,44'&$ S'(2H4$ \NWM"?$ I57H&F,'&F$ S/0
'+,17H$E(F$<74/9&0$KCC@P$ S/0$+$A$ 4/$@$:&+05$E(55(/1$+5
+44+7H&F$6+:'/+F$ /1$ 4H&$ R14&01+4(/1+'$ V6+7&$ V4+4(/1$ RVV
IN(2"$AP"
GH&$ 4H&0E+'$ (55,&5$ /S$ !#VWK$ +0&$ S+0$ E/0&
F&E+1F(12b70(4(7+'$4H+1$(1$!#VW?)$+5$/S$4H&$0&6'+7&E&14
/S$ 4H&$ H&+Y:$ IH(2H$ 4H&0E+'$ 7+6+7(4+17&P$ E+21&4$ 9:$ +
'(^,(F$T&'(,E$RR$7//'&F$5,6&0W7/1F,74(Y&$/1&)$+1F$9:$4H&
'/12$ E(55(/1$ F,0+4(/1"$ GH&0&S/0&$ +$ 4&+E$ 7/15(54(12$ /S
38;)$ 3RUTDN)$ c&1&Y+$ \1(Y&05(4:$ +1F$ RN3$ *&0,2(+$ (5
F&Y&'/6(12$+$7//'(12$5:54&E$S/0$4H&$E/54$70(4(7+'$6+04)$4H&
5/W7+''&F$G0+7Z&0$GH&0E+'$X/140/'$V:54&E$GGXV"
GH&$GGXV$7/140+74$/SS&05$38;$4H&$6/55(9('(4:$4/$,5&$4-/W
6H+5&$ 4H&0E+'$ 7/140/'$ &>6&04(5&$ /94+(1&F$ (1$ 4H&$ 6+54$ S/0
4H&$7H+''&12(12$4+5Z$4/$F&Y&'/6$+1F$/6&0+4&$+1$+FY+17&F)
F&E+1F(12$5:54&E$'(Z&$4H&$GGXV)$60/9+9':$9&(12$4H&$S(054
S,''W$ 5(_&$ E&7H+1(7+'':$ 6,E6&F$ 4-/W6H+5&$ 4H&0E+'$ 7/140/'
5:54&E$ (1$ 56+7&"$ 38;$ ]/(1&F$ 4H&$ !#V$ 7/''+9/0+4(/1$ +5$ 4H(5
/SS&05$+'5/$4H&$6/55(9('(4:$4/$57(&14(S(7+'':$&>&07(5&$-(4H$4H&$4-/W
6H+5&$ 7//'(12$ '//6$ F,0(12$ 4H&$ Y+0(/,5$ F/0E+14$ 6&0(/F5$ (1$ 4H&
!#V$&>6&0(E&14+4(/1"
GH&$4/$9&$2+4H&0&F$(1S/0E+4(/1$(5$&>6&74&F$4/$:(&'F$+$ S+0$9&44&0
,1F&054+1F(12$/S$4H&$6H:5(75$/S$4-/W6H+5&$S'/-$+1F$H&+4$40+15S&0
(1$E(70/W20+Y(4:)$-H(7H$ (5$ &55&14(+'$ S/0$ F&Y&'/6(12$ S,4,0&$ 4-/W
6H+5&$4H&0E+'$7/140/'$5:54&E5$S/0$56+7&70+S4$+66'(7+4(/15"
15=-"7+.3$+):2+"*+,,.*+=!*02"40
GH&$ G0+7Z&0)$ '/7+4&F$ (15(F&$ 4H&$ Y+7,,E$ 7+5&$ IN(25"$ ?)$ KP)$ (5
5,00/,1F&F$ 9:$ 4H&$ 70:/2&1(7$ E+21&4)$ -H(7H$ (5$ 1/4$ +''/-&F$ 4/
0&7&(Y&$+1:$H&+4$ S0/E$ (15(F&"$#/0&/Y&0$ 4H&$G0+7Z&0$ H+5$ 5&Y&0&
0&^,(0&E&145$ -(4H$ 0&56&74$ 4/$ 56+4(+'$ +1F$ 4&E6/0+'$ 4&E6&0+4,0&
0&^,(0&E&145$ IN(2"$ MP"$ GH(5$ +1F$ 4H&$ &>(54(12$ 7/E6'(7+4&F$ AW%
7/1S(2,0+4(/1)$0&^,(0&5$4H+4$4H&$6/-&0$F(55(6+4&F$(1$4H&$G0+7Z&0)
?[K$ .)$ H+5$ 4/$ 9&$ 0&E/Y&F$ 4/$ 4-/$ 4H&0E+'':$ /,4$ /S$ 6H+5&
0+F(+4/05$ I/1&$ (1$;!#)$ /1&$ (1$.+Z&$ F(0&74(/1P$ 4/$ 9&$ F,E6&F
(14/$ 56+7&$ IN(2"$ MP"$ GH(5$ 7/,'F$ 9&$ F/1&$ 9:$ +$ E&7H+1(7+'':
6,E6&F$ 4-/W6H+5&$ '//6$ 5:54&E)$ 9:$ +$ E&7H+1(7+'':$ 6,E6&F
'(^,(F$ '//6$ +1F$ 9:$ +$ 7+6(''+0:$ 6,E6&F$ '//6$ 5:54&E"$ GH&$ '+44&0
5:54&E$ 0&^,(0&5$ H&+4$ 7/''&74(12$ H&+4$ 6(6&5$ 4/$ 40+156/04$ 4H&
F(55(6+4(/15$ S0/E$ 4H&$ 5('(7/1$ S0/14W&1F$ &'&740/1(75$ 4/$ 4H&
7+6(''+0:$ 5:54&E)$ +5$ +$ 7+6(''+0:$ 5:54&E$ 7+1d4$ 60/6&0':$ H+1F'&
&Y+6/0+4/05$ IH&+4$ 5/,07&5P$ (1$ 5&0(&5"$ R1$ +FF(4(/1)$ +$ 6+0+''&'
7+6(''+0:$ 5:54&EK)$ A$ '&+F5$ 4/$ ,1+77&64+9'&$ 4,9(12$ '&124H$ +1F
E+55)$ -H(7H$ 7+1d4$ 9&$ +77/EE/F+4&F$ 9:$ 4H&$ &>(54(12$ AW%
G0+7Z&0$ 7/1S(2,0+4(/1"$ N(1+'':$ (4$ (5$ 0&E+0Z&F$ 4H+4$ 4H&$ 7H/5&1
5:54&E$ H+5$ 4/$ 9&$ (154+''&F$ 4-/WS/'F$ 4/$ 2,+0+14&&$ 4H&$ S,''
0&F,1F+17:$0&^,(0&F"
*>?>@AB+CDEFG+GFHI>GFJFBKL6
!! 3MFGDK>BN+KFJMFGDKIGF6
#O%+P.+Q+R$(+P.
!! *IGS>SD?+KFJMFGDKIGF6
#$%+P.+Q+R'%+P.
!! ,FJMFGDKIGF+LKDT>?>KU6
&+P.+MFG+AGT>K
!! )DV>JIJ+D@@FMKFW+NGDW>FBK
TFKCFFB+DBU+L>?>@AB6
O%X%++P.
!! 7>LL>MDKFW+YFDK6
$X%+<+032
1UTG>W+@>G@I>K+GFHI>GFJFBKL6
!! 3MFGDK>BN+KFJMFGDKIGF6
#O%+P.+Q+R'%+P.
!! *IGS>SD?+KFJMFGDKIGF6
#$%+P.+Q+RZ%+P.
!! 7>LL>MDKFW+YFDK6
O[$+<\+O+<+MFG+YUTG>W+MD>G
N(2,0&$M"$$V('(7/1$G0+7Z&0$4H&0E+'$(55,&5"
-6-
NLR-TP-2003-001
U&&6(12$4H&$+9/Y&$(1$E(1F$+1F$S/''/-(12$(1$4H&$1&>4$4H&
0&S&0&17&5$7/14&145$A)$M)$(4$7+1$9&$5+(F$4H+4`
W$ !$ 5&0(&5$ /0$ H:90(F$ 4-/W6H+5&$ #&7H+1(7+'':$ *,E6&F
8//6$ I#*8P$ (5$-&''$ 7/E6+4(9'&$-(4H$ &>(54(12$G0+7Z&0
H+0F-+0&"$ R4$ (5$ 7H+0+74&0(5&F$ 9:$ E(1(E+'$ E+4&0(+'
(15(F&$ /0$ 1&+0$ 4H&$ 40+7Z&0$ S(&'F$ /S$ Y(&-"$ R4$ (5$ F(0&74':
7/11&74&F$ 4/$ 4H&$ 4H&0E+'$ 9+05"$ X/15&^,&14':$ 1/
+FF(4(/1+'$H&+4$7/''&74/0$-(''$9&$1&&F&F"
W$#,'4(6'&W5/,07&$ H&+4$ (16,4$ (5$ 6/55(9'&)$ -(4H$ E(1(E,E
GW20+F(&145$ Ie$ ?$ UP"$ R4$ H+5$ +'5/$ 4H&$ 6/55(9('(4:$ 4/
(E6'&E&14$ +$ S,'':$ 0&F,1F+14$ 5:54&E"$ X/545$ +1F$ E+55
+0&$ 0&'+4(Y&':$ '/-"$ GH&$ /1':$ F0+-9+7Z$ (5$ 4H&
E&7H+1(7+'$6,E6"
W$ !$ V(12'&W*H+5&$ I'(^,(FP$ #&7H+1(7+'':$ *,E6&F$ 8//6
IV*8P$ H+5$ E/0&$ /0$ '&55$ 4H&$ 5+E&$ '+:/,4$ +5$ 4H&$ #*8
/64(/1)$ 5/$ (4$ (5$ 0&'+4(Y&':$ &+5:$ 4/$ S+''$ 9+7Z$/1$ 4H&$V*8
5/',4(/1)$(1$7+5&$/S$,1S/0&5&&1$I5&0(/,5P$60/9'&E5$-(4H
4H&$#*8$F&Y&'/6E&14"$R4$H+5$4H&$6/55(9('(4:$/S$6+0+''&'
+1F$7/,14&0W7,00&14$S'/-$5:54&E$5&4W,6"$R4$(5$+$'/-W0(5Z
F&5(21)$ +5$ 4H&0&$ (5$ 5,SS(7(&14$ &>6&0(&17&$ (1$ 56+7&$ -(4H
V*8d5"$#+(1$ F0+-9+7Z5$ +0&$ 4H&$ S+0$ '+02&0$ 4&E6&0+4,0&
20+F(&145$ I5+:$ ?C$ UP)$ +5$ 7/E6+0&F$ 4/$ 4H&$ 1&+0':
(5/4H&0E+'$#*8)$+1F$'+02&0$F(E&15(/15"
W$!1:$6+0+''&'$ 4-/W6H+5&$ 5:54&E$I#*8)$8T*)$X*8P$ 7+1
1/4$ 4/$ +77/EE/F+4&$ 4H&$ &>(54(12$ G0+7Z&0$ H+0F-+0&
E,'4(6'&$ '/7+4(/1$H&+4$ (16,4)$9:$ (4$ 5&'S$ (1$/1&$ 54+2&)$ +5
/S$ 4H&$ H,2&$ E+55$ +1F$ I1/4$ +Y+('+9'&P$ 56+7&$ 1&&F&F)
(1F,7&F$9:$0&F,1F+17:"$!$4-/W54+2&$+660/+7H$1&&F5$+1
+FF(4(/1+'$H&+4$7/''&74/0$ (5$ 1&&F&F`$T&+4$ 6(6&$/0$G*cWS'+12&)
'&+F(12$ 4/"$ 5(21(S(7+14$ E+55$ (170&+5&$ +1F$ 5&0(/,5$ (14&20+4(/1
60/9'&E5"
GH&$ +9/Y&$ E+Z&5$ /9Y(/,5$ 4H+4$ 9:$ S+0$ 4H&$ 9&54$ 5/',4(/1$ (5$ 4H&
5&0(&5$/0$H:90(F$ 4-/W6H+5&$#*8"$!$6+0+''&'$/0$H:90(F$V*8$ (5$+
6/55(9'&$ 9+7ZW,6$ 5/',4(/1)$ 9,4$ +4$ 4H&$ 7/54$ /S$ E/0&$ E+55:$ +1F
'&124H:$ '(1&5$ +1F$ '+02&0$ 6,E65"$ *+0+''&'$ 7/17&645$ +0&$ 1/1W
0&7/EE&1F+9'&$/0$(E6/55(9'&$5/',4(/15"
X<K$H+5$4/$9&$4H&$-/0Z(12$S',(F$5(17&`
W$ R4$ (5$ 7/15(F&0&F$ 4/$ 0&6'+7&$ N0&/1W'(Z&$ 0&S0(2&0+145)$ +5$ (4$ (5
&1Y(0/1E&14$ S0(&1F':$ +1F$ 1/1W4/>(7"$ R4$ (5$ ,5&F$ S/0$ 1,7'&+0
6/-&0$6'+14$7//'(12)$+5$(4$(5$(1&04$S/0$0+F(/+74(Y&$0+F(+4(/1"$N/0
!#VWK$4H(5$E&+15$1/$RVV$5+S&4:W0&'+4&F$60/9'&E5"
W$ R4$ H+5$ +$ Y&0:$ '/-$ '(^,(FbY+6/,0$ F&15(4:$ 0+4(/)$ <0F&0$ I?W?CP)
9&(12$ 60/S(4+9'&$ S/0$ +$ 5&0(&5$ KW6H+5&$ 5:54&Ef$ (45$ +'4&01+4(Y&)
+EE/1(+`$<0F&0$I?CKW?CAP"
W$ X<K$ &>6&0(&17&$ -+5$ 2+(1&F$ +4$ 3RUTDN)$ -H&0&$ 4&545$ H+Y&
60/Y&1$ 4H&$ 7/17&64$ S&+5(9('(4:$ /S$ X<K$ 7//'(12$ S/0$ 4H&$ 8TX9
Q&04&>$ F&4&74/0$ @"$ N/0$ 4H&$ G0+7Z&0$ 4H(5$ E&+15$ 5E+''$ 4,9&
F(E&15(/15$ IA$EE$<%P$ (1$ 7+5&$ /S$ K$ '//65)$ '/-$ 4&E6&0+4,0&
F0/65$$Ie$?$UP$+1F$'/-$6,E6(12$6/-&0$Ie$?C$.P"
R1$+FF(4(/1$(4$(5$0&E+0Z&F$4H+4M`
W!GH&$ 9+5(7$ F(SS&0&17&$ 9&4-&&1$ E&7H+1(7+'':$ 6,E6&F$ 5(12'&W
6H+5&$ I7+'/0(7$ H&+4$ 40+156/04$ 9:$ 4H&$ '(^,(FP$ +1F$ 4-/W6H+5&
5:54&E5$ I40+156/04$ 9:$ '+4&14$ H&+4$ /S$ &Y+6/0+4(/1b
7/1F&15+4(/1P"$GH(5$(E6'(&5$S/0$F(55(6+4(12$54+4(/15$(1$5&0(&5$(1
!! )DV>JIJ+FVMF@KFW+AMFGDK>BN+MGFLLIGF6
,=7+]WFMFBWL+AB+JDV>JIJ+,,.*
KFJMFGDKIGF^6
O$(+TDG+_Z%`.\+O'%+TDG+_a%`.\
OZ%+TDG+_b%`.\+Oa(+TDG+_[%`.
!! :GFLLIG>cFW+SA?IJF+@DX+&+?>KFG+.3$+MFG
?AAM6
Z%%+@@+KITFL\+$X(+?>KFG+D@@IJI?DKAG
!! $+"WFBK>@D?+@AJM?FKF?U+LFMDGDKFW+?AAML+]O
EAG+GFWIBWDB@U^
!! $+LFG>D?+FSDMAGDKAGL+>B+MDGD??F?+MFG+?AAM
!! $+MDGD??F?+@ABWFBLFGL+@ABKGA??FW+MFG+?AAM
@ABKGA??FW+TU+D+&#CDU+SD?SF
!! :GFLLIGF+@ABKGA?+TU+KYFGJD?+@ABKGA?
GFLFGSA>G
!! ,YFGJD?+@ABKGA?+IL>BN+KYF+;*.)
!! .G>K>@D?+MDGKL+>B+GFWIBWDBK+@ABE>NIGDK>AB
]MIJM\+SD?SFL^
!! )ALK+E?I>W+@AJMABFBKL+>B+$+WFW>@DKFW
,,.*+TAVFL+AB+KYF+;**+DK+CDdF+L>WF
!! -!)+DBW+<!/0+YFDK+M>MF+GDW>DKAG
!! !??+YDGWCDGF+>B+WFTG>L+LDEF+DGFDL\+CYFGF+D
WFTG>L+LY>F?W+>L+DWWFW+>E+BFFWFW
N(2,0&$@"$T:90(F$#*8$7/17&64$S/0$GGXV"
-7-
NLR-TP-2003-001
+$ 5(12'&W6H+5&$ 5:54&E$ +$ 4&E6&0+4,0&$ (170&+5&$ (1$ 4H&
F/-1540&+E$ F(0&74(/1$ /S$ 4H&$ '//6"$ N/0$ 4-/W6H+5&
5:54&E5)$ -(4H$ &Y+6/0+4/05$ (1$ 5&0(&5)$ (4$ E&+15$ +1
(170&+5&$ /S$ 4H&$ Y+6/,0$ ^,+'(4:$ (1$ 4H&$ F/-1540&+E
F(0&74(/1)$+77/E6+1(&F$9:$+$I,5,+'':$5E+''P$F&70&+5&$/S
4H&$5+4,0+4(/1$4&E6&0+4,0&"
W! R1$ E&7H+1(7+'':$ 6,E6&F$ 4-/W6H+5&$ '//65)$ 4H&$ S'/-
6+44&01$ F&6&1F&14$ H&+4$ 40+15S&0$ 7/&SS(7(&14$ S/0
7/1Y&74(Y&$S'/-$9/('(12$(5$0&6/04&F$g$4/$9&$9&4-&&1$5+:
M$+1F$@$Z.bEK"U"$GH(5$ (5$ 1/4$ 40,&$ S/0$ 0&S0(2&0+145$ I4/
9&$,5&F$(1$4H&$GGXVP$+4$^,+'(4(&5$9&'/-$C"?@$S/0$-H(7H
4H&$Y+',&$7+1$ (170&+5&$ 4/$5+:$KC$Z.bEK"U$+4$^,+'(4(&5
/S$'&55$4H+1$C"CA$g)$L"$%+4+$S0/E$&>6&0(E&145$-(4H$X<K
(1$5E+''$F(+E&4&0$4,9&5$7/1S(0E$(4B"$GH&$+9/Y&$(E6'(&5
4H+4$+$E&7H+1(7+'':$6,E6&F$5:54&E$H+5$4/$9&$F&5(21&F
5,7H$ 4H+4$ +1:$ &Y+6/0+4/0$ &>(4$ ^,+'(4:$ (5$ 9&'/-$ C"?@
I60&S&0+9':$&Y&1$E,7H$'/-&0P$S/0$&SS(7(&17:$0&+5/15"
W$R1$4H&$7+5&$/S$Y&0:$'&124H:$E&7H+1(7+'':$6,E6&F$4-/W
6H+5&$ '//6$ '(1&5)$ 4H&$ 60&55,0&$ I5+4,0+4&F$ 4&E6&0+4,0&P
20+F(&14$H+5$4/$9&$Z&64$5E+''$4/$2,+0+14&&$+$5E+''$&1FW
4/W&1F$ 60&55,0&$ I5+4,0+4&F$ 4&E6&0+4,0&P$ F(SS&0&17&"
GH(5$(5$4/$E&&4$4H&$0&^,&54&F$(5/4H&0E+'(4:)$+1F$4/$Z&&6
4H&$ &Y+6/0+4/0$ &>(4$ Y+6/,0$ ^,+'(4:$ 9&'/-$ C"?@)$ +5$ (1
S'/-(12$ 0&S0(2&0+145$ 4H&$ Y+6/,0$ ^,+'(4:$ ,5,+'':
(170&+5&5$ -(4H$ 60&55,0&$ F&7+:$ I(S$ /1&$ +55,E&5
(5&140/6(7$ S'/-[P"$ D4H+1&$ (5$ +1$ &>7&64(/1`$ h,+'(4:
(170&+5&$ 9&'/-$ 5+:$ C"L)$ F&70&+5&$ +9/Y&"$ ;&+'$ S'/-$ (5
(5&14H+'6(7?C)$ E&+1(12$ 4H+4$ 4H&$ ^,+'(4:$ +'-+:5
(170&+5&5)$+'5/$S/0$&4H+1&"
W! R1$7/17',5(/1`$!$F&F(7+4&F$H:90(F$4-/W6H+5&$X<K$'//6
7/1S(2,0+4(/1)$ +5$ (4$ (5$ 57H&E+4(7+'':$ F&6(74&F$ (1$ S(2,0&
A)$ -(''$ 2,+0+14&&$ 9/4H$ 4H&$ 0&^,(0&F$ (5/4H&0E+'(4:$ +1F
4H&$60&S&00&F$^,+'(4:$0+12&"
,,.*+.34.0:,
GH&$60/6/5&F$GGXV$(5$4H&$7'/5&F$4-/W6H+5&$5:54&E$IN(2"
@P"$GH&$H&+4$ (5$ +95/09&F$ (1$ 4H&$ &Y+6/0+4/05$ +1F$ 0&]&74&F
56+7&$ 9:$ 4H&$ 0+F(+4/0$ 6+1&'5$ +4$ 4H&$ 7/1F&15&05"$ !5$ 4H&
E&7H+1(7+'$6,E6$60/Y(F&5$4H&$'(^,(F$S'/-$0+4&$1&&F&F)$(4
H+5$ 4/$ 9&$ '/7+4&F$ +S4&0$ 4H&$ 7/1F&15&05)$ +5$ (4$ 1&&F5$ 6,0&
'(^,(F$ 4/$ /6&0+4&$ 60/6&0':"$ X/15&^,&14':$ 4H&
7/1F&15&05b0+F(+4/05$ 1&&F$ 1/4$ /1':$ 4/$ 7/1F&15&$ +''
Y+6/,0)$ 9,4$ +'5/$ 4/$ 60/Y(F&$ +$ 7&04+(1$ +E/,14$ /S$ 5,9W
7//'(12"$ GH&$ 9',&$ 9/>&5$ /1$ 4/6$ +0&$ H&+4$ &>7H+12&05)
4H&0E+'':$7/11&74$(1'&4$+1F$/,4'&4$/S$4H&$&Y+6/0+4/0$IN(2"
gP"$R1$4H(5$-+:$4H&$+95/09&F$H&+4$7+1$9&$,5&F$4/$H&+4$4H&
&14&0(12$5,9W7//'&F$'(^,(F$S0/E$4H&$6,E6$5/$(4$2&45$7'/5&
4/$ 4H&$ &Y+6/0+4(Y&$ 4&E6&0+4,0&$ 1&&F&F$ (1$ 4H&$ G0+7Z&0"
GH&$&Y+6/0+4/05$7/15(54$/S$4-/$6+0+''&'$4,9&5$&+7H$H+Y(12
+1$R%$/S$K"g$EE$+1F$+$'&124H$/S$?C$E"$GH&5&$4-/$4,9&5
+0&$ 5&0(+'':$ 7//'(12$ 4H&$ H:90(F$ 7(07,(45)$ '/7+4&F$ /1$ 4H&
/,4&0$ 6&0(6H&0:$ /S$ 4H&$ G0+7Z&0"$ GH&$ 6+0+''&'$ &Y+6/0+4/0
90+17H&5$ +0&$ 0/,4&F$ +5$ 4-/$ 0(125$ S/''/-(12$ 4H&$ -(F&':
F(540(9,4&F$G0+7Z&0$H:90(F5"$GH&$5&7/1F$90+17H$(5$'/7+4&F
5(E('+0':$ +4$ 4H&$ 9/44/E$ /S$ 4H&$ G0+7Z&0"$ GH&$ &Y+6/0+4/0
4,9&$ (5$E/,14&F$-(4H$ +$ 7/66&0$ 7/11&74(/1$ 90(F2&$ 4/$ 4H&
H:90(F$4H&0E+'$5,66/04$540,74,0&$1+E&F$4H&0E+'$9+05"
GH&$ S(2,0&5$ L$ 4/$ ?C$ 5H/-$ F&4+('5$ /S$ 4H&$ &Y+6/0+4/05"
N(2,0&$ L$ F&6(745$ 4H&$ 4H&0E+'$ 7/11&74(/1$ S0/E$ 4H&$ (11&0
4H&0E+'$ 9+05$ 4/$ &Y+6/0+4/0"$ X'&+0':$ Y(5(9'&$ (5$ 4H&$ 9&14
7/1S(2,0+4(/1$/S$4H&$&Y+6/0+4/0$4,9&f$-H(7H$(5$1&&F&F$4/$S/''/-
4H&$54&66&F$/0(&14+4(/1$/S$4H&$40+7Z&0$H:90(F$9/>&5"$GH(5$54&66&F
/0(&14+4(/1$(5$/1&$/S$4H&$0&+5/15$4H+4$+$5E+''$F(+E&4&0$&Y+6/0+4/0
4,9&$-+5$ 5&'&74&F$ +5$ 4H&$ 9+5&'(1&)$ 9&7+,5&$ (4$ 5&&E&F$ 4/$ 9&$ 4H&
/1':$ F&5(21$ 4H+4$ -+5$ 7/E6+4(9'&$ -(4H$ 4H&$ +'0&+F:$ &>(54(12
40+7Z&0$H+0F-+0&"$GH&0&$+0&$4-/$4,9&5)$/1&$+745$+5$4H&$0&F,1F+14
'(1&$ (1$ 4H&$7+5&$/S$+$ S+(',0&"$!#VWK$ 0+F(+4/0$6+1&'5$+0&$/,45(F&
4H&$&>6&0(E&14"$GH&:$+0&$7/Y&0&F$-(4H$H(2H$&E(55(Y(4:$+1F$'/-
5/'+0$ +95/064(Y(4:$ 7/+4(125b6+(145"$ GH&$ 4-/$ /66/5(4&$ 0+F(+4/0
6+1&'5$+0&$4H&0E+'':$56&+Z(12$/,4$/S$6H+5&)$E&+1(12$4H+4$4H&0&$(5
+'-+:5$/1&$ 0+F(+4/0$ 5H+F&F$ S0/E$ 4H&$ 5,1)$H&17&$+9'&$ 4/$ 0+F(+4&
-+54&$H&+4$4/$56+7&"$GH&$&Y+6/0+4(/1$4&E6&0+4,0&$(5$+F],54&F$9:
4H&$ 5:54&E$ 60&55,0&"$ GH(5$ 60&55,0&$ (5$ 7/140/''&F$ Y(+$ 4H&
+77,E,'+4/0)$ +$ 5E+''$ 0&5&0Y/(0$ -(4H$ +$ E(>4,0&$ /S$ Y+6/,0$ +1F
'(^,(F"$ !$ *&'4(&0$ &'&E&14$ 7/140/'5$ 4H&$ 0&5&0Y/(0$ 4&E6&0+4,0&)
H&17&$4H&$5:54&E$60&55,0&$9:$7/1F&15&0$S'//F(12"$GH&$E+]/0(4:
/S$ 4H&$ GGXV$ H+0F-+0&$ (5$ (1$ +$ 9/>$ /,45(F&$ /1$ 4H&$ 5,66/04
540,74,0&"$GH&$&Y+6/0+4/05)$H&+4$&>7H+12&05$+1F$7/1F&15&05$+0&
/,45(F&$4H(5$9/>"
,0*,+*0,#;:*+!47+,0*,+-0*;2,*
!1$ /6&1$ '//6$ 4&54$ 5&4W,6M)$ 9,('4$ +4$ 3RUTDN$ 4/$ 60/Y&$ 4H&
S&+5(9('(4:$/S$4H&$GGXV$&Y+6/0+4/0$7/17&64$S/0$X<K)$7/15(54&F$/S
+1$ &Y+6/0+4/0$ 5&74(/1$ 7/11&74&F$ 4/$ +$ '(^,(F$ X<K$ S(''&F$ 9/44'&"
GH&$X<K$ S'/-$-+5$ +F],54&F$ 9:$ +$ 1&&F'&$ Y+'Y&)$ 4H&$ 60&55,0&$ (1
4H&$ 4&54$ 4,9&$ 9:$ +$ 560(12W0&'(&Y&$ Y+'Y&$ I+4$ 4H&$ &>(4P"$ R1$ 4H&$ 0&+'
GGXV$ +''$ 4H&0E+'$ 90(F2&5$ +0&$ (1F(Y(F,+'':$ 7/11&74&F$ 4/$ 4H&$ 4/
&Y+6/0+4/0$ 4,9&5"$ R1$ 4H&$ S&+5(9('(4:$ 4&54$ 5&4W,6$ H&+4$ (5$ +66'(&F
/Y&0$4H&$4&54$5&74(/1$4,9&$-+''$,5(12$4H&$&'&740(7$0&5(54+17&$/S$4H&
4,9&$+5$H&+4&0"$N'/-)$60&55,0&$F0/6$+1F$ 4&E6&0+4,0&5$+'/12$ 4H&
4,9&$-&0&$E&+5,0&F"$N(2,0&$??$5H/-5$+$6(74,0&$/S$4H&$4&54$5&4W,6
+1F$ 5/E&$ 4&54$ 0&5,'45)$ -H(7H$ 5,22&54$ 4H+4$ X<K$ (5$ +1$ +F&^,+4&
0&S0(2&0+14$ S/0$ 4H&$ GGXV"D>6&0(E&145$ -&0&$ F/1&$ 1&>4$ +4
3RUTDNM$4/$7/1S(0E$4H(5$(1$+$7'/5&F$'//6$4&54$5&4W,6$IN(2"$?KP)
-H(7H$ E/0&$ 0&+'(54(7+'':$ 5(E,'+4&5$ 4H&$ GGXV"$ c/+'5$ /S$ 4H&
&>6&0(E&145$-&0&`
W!G/$ E&+5,0&$ 60&55,0&$ F0/6$ 7H+0+74&0(54(75$ +1F$ H&+4$ 40+15S&0
7/&SS(7(&145$+4$F(SS&0&14$S'/-$0+4&5)$H&+4$(16,4$+1F$&Y+6/0+4(/1
4&E6&0+4,0&5)$S/0$+$?C$E$'/12)$K"@$EE$R%$4&54$&Y+6/0+4/0)$-(4H
H&'(7+'$5&74(/15$9&4-&&1$4H&$'/12$5&74(/15$4/$7/00&74':$5(E,'+4&
4H&$E,'4(6'&$9&1F5$(1$4H&$0&+'$G0+7Z&0"
W!G/$ 7/E6+0&$ 4H&$ 4&54$ /,47/E&5$ 4/$ 4H&/0&4(7+'$ 60&F(74(/15$ +1F
&>6&0(E&14+'$ F+4+$ 60/F,7&F$ (1$ +$ 3RUTDNbVR3GDN$ X<K$ 4&54
5&4W,6"
W!G/$60/Y&$4H&$E&0(45$(15&04(12$+$H&+4$&>7H+12&0$I+5$60&WH&+4&0P
9&4-&&1$&Y+6/0+4/0$(1W$+1F$/,4'&4"
W!G/$:(&'F$0&7/EE&1F+4(/15$S/0$S,04H&0$GGXV$F&Y&'/6E&14)$/1
6,E6(12$0+4&5$+1F$&Y+6/0+4/05"
GH/,2H$ E+1:$ &>6&0(E&145$ H+Y&$ 9&&1$ &>&7,4&F??)$ 4H&$ 0&5,'45
5H/-1$ (1$ 4H&$ S/''/-(12$ S(2,0&5$ 6&04+(1$ /1':$ 4/$ 4H&$ ?C$ E&40&5
'/12)$K"@$EE$R%$&Y+6/0+4/0$6&0S/0E+17&)$("&"`
W$ N(2,0&$ ?A$ 5H/-(12$ 4H&$ 60&55,0&$ +1F$ 4&E6&0+4,0&$ F0/65)$ +5$ +
S,174(/1$/S$4H&$E+55$S'/-)$+4$KLA$U"
W$ N(2,0&$ ?M$ 5H/-(12$ 4H&$ H&+4$ 40+15S&0$ 7/&SS(7(&145$ ITGXP$ +1F
/95&0Y&F$S'/-$6+44&015$Y&05,5$Y+6/,0$^,+'(4:$+1F$H&+4$S',>)$+4
KLB$U$+1F$1/E(1+'$S'/-$K"L$2b5"
-8-
NLR-TP-2003-001
N(2,0&$g"$$!04(54d5$(E60&55(/1$/S$4H&$(14&20+4&F$GGXV$+1F$GGXV$&Y+6/0+4/0"
N(2,0&$L"$DY+6/0+4/0$7/11&74&F$4/$(11&0$4H&0E+'$9+05" N(2,0&$B"$X/E6'&4&$4H&0E+'$5:54&E$(15(F&$4H&$G0+7Z&0"
N(2,0&$["$X/E6'&4&$/Y&0Y(&-$/S$+1$&Y+6/0+4/0$(1$4H&$G0+7Z&0" N(2,0&$?C"+R11&0$6'+1&5$&Y+6/0+4/0X
-9-
NLR-TP-2003-001
"#$%
"#$&
"#$'
"#$(
"#$)
")$%
")$&
")$'
")$(
)$)
)$(
!"
#
$"
%&
'(
%"
)*
%&
+,
"-
')+
!)
./0
1
*# )$) ")$# ")$( ")$+ ")$' ")$,
*+ )$) ")$# ")$' ")$& ")$- "#$#
.# )$) ")$# ")$# ")$( ")$( ")$(
.( )$) ")$# )$) )$) ")$# )$)
.+ )$) )$) ")$( ")$+ ")$' ")$&
.' )$) ")$# ")$' ")$& ")$% ")$-
./ )$) ")$# ")$/ ")$, "#$# "#$(
.& )$) ")$# ")$& ")$- "#$' "#$&
01!23456!7)89 01!6:;5!#!7#89 01!6:;5!(!7+$'89
01!6:;5!+!
7/$%89
01!6:;5!'!
7%$+89
01!<:6456!
7-$+89
!?$IC"B$iX)$?CC$.)$?"L$2b5P
!A$IA"K$iX)$?CC$.)$A"g$2b5P
X?$I?["C$iX)?CC$.)$C"B$2b5P
XK$I?M"A$iX)?CC$.)$?"M$2b5P
XA$Ig"?$iX)$?CC$.)$A"K$2b5P$$$
XM$IC"M$iX)$KCC$.)$?"[$2b5P
X@$I?"K$iX)$K@C$.)$K"g$2b5P
Xg$IK"@$iX)$AgC$.)$A"M$2b5P$$!
"#
$"
%&
'(
%"
)*
%&
+,
"-
')+
!)
./0
1
N(2,0&$??"$$N&+5(9('(4:$F&E/1540+4(/1`$4&54$5&4W,6$+1F$4&54$0&5,'45"
N(2,0&$?K"$V7H&E+4(7$/S$GGXV$4&54$'//6$+4$3RUTDN"
*0&55,0&$2+,2&5
D>6+15(/1$Y+'Y&
X<K$=/44'&
[["[[@j
%!h
$$G,9&$?
G,9&$K
G,9&$A
G,9&$M
G/$2+5$H&+4&0)$560(12
0&'(&Y&$Y+'Y&$+1F
S'/-$E&4&0
-10-
NLR-TP-2003-001
N(1+'':$(4$(5$0&E+0Z&F$4H+4$60&'(E(1+0:$4&54$0&5,'45$7/1S(0E
4H&$,5&S,'1&55$/S$4H&$60&5&17&$/S$+$H&+4$&>7H+12&0$+5$60&W
H&+4&0$9&4-&&1$ 4H&$ (1W$ +1F$/,4'&4$ /S$ 4H&$ &Y+6/0+4/0$ ?K"$ R4
-+5$/95&0Y&F$4H+4$,6$4/$5+:$[Cj$/S$4H&$H&+4$7/''&74&F$(1
4H&$ &Y+6/0+4/0$ 7/,'F$ 9&$ 0&,5&F$ S/0$ 60&WH&+4(12$ 4H&$ 5,9W
7//'&F$'(^,(F$7/E(12$S0/E$7/'F$0+F(+4/05"$GH(5$+E/,14$/S
H&+4$0&6'+7&5$6+04$/S$4H&$6/-&0$4/$9&$+FF&F$4/$4&$&'&740(7
60&WH&+4&0$ 4H+4$ H+5$ 4/$ 7/1F(4(/1$ 4H&$ '(^,(F$ 5,7H$ 4H+4$ 4H&$ S',(F
&14&0(12$ 4H&$ &Y+6/0+4/0$ (5$ +$ 6,0&$ '(^,(F)$ +4$ 5&4W6/(14$ 5+4,0+4(/1
4&E6&0+4,0&$ +5$ F&5(0&F"$ R4$ (5$ /9Y(/,5$ 4H+4$ 4H&$ +9/Y&$ :(&'F5$ +
5,954+14(+'$6/-&0$5+Y(12"$!6+04$S0/E$4H(5$6/-&0$5+Y(12$(E6+74)
(4$7+1$9&$5+(F$4H+4$4H&$60&5&17&$/S$4H&$H&+4$&>7H+12&0$H+5$+'5/$+
54+9('(5(12$ &SS&74$ /1$ 4H&$ 4&E6&0+4,0&$ &>7,05(/15$ /S$ 4H&
&Y+6/0+4/0$F,0(12$/09(4+'$0+F(+4/0$4&E6&0+4,0&$Y+0(+4(/15"
N(2,0&"$?A"$$*/-&0$F&6&1F&17&$/S$60&55,0&
$$$$$$$$$$$$$$$$$$$+1F$4&E6&0+4,0&$F0/65$+4$KLA$U"
N(2,0&$?M"$TGX$+1F$6/-&0$IF&15(4:P$Y&05,5$/95&0Y&F$S'/-
$$$$$$$$$$$$$$$$$$6+44&015$+1F$Y+6/,0$^,+'(4:$+4$K"L$2b5$k$KLB$U"
"/))
"'))
"+))
"())
"#))
)
#))
())
+))
'))
/))
&))
,))
%))
-))
#)))
) )$/ # #$/ ( ($/ + +$/ ' '$/ / /$/ & &$/ ,
2&33)4567).*8319%
"3
3(
%"
+%
6$
.#
:&
%1
"#
")$%
")$&
")$'
")$(
)
)$(
)$'
)$&
)$%
#
#$(
#$'
#$&
#$%
(
;<
&$
6%
&'
,<
"
'"
#
$"
%&
'(
%"
*%
&+
,"
-'
./0
1
=2>:20!?4<@
&(!AB66
###!AB66
#&'!AB66
(()!AB66
(&#!AB66
CD)$/!7EFG"<:6!428269
CD)$(/
)
()))
')))
&)))
%)))
#))))
#()))
=&$6%)>(&5,'?).@1
A
"&
')'
%&
-3
4"
%)B
6"
44,
B,
"-
').
C
8#
DE
1
#!AB66H!',#&!AI8(
(!AB66H!-'+(!AI8(
+!AB66H!#'#'%!AI8(
'!AB66H!#%%&'!AI8(
/!AB66H!(+/%)!AI8(
!"#$%&$'
()*+,-.//$%0
12%$,)3423' 52"")6,()*+ 7002).%,()*+ 8%69*2/
N(2,0&$?@"$*(74,0&$/S$S,''W5(_&$5(E,'+4(/1$4&54$0(2$+4$38;"
CDdF+@ABWFBLFG
GDJ+@ABWFBLFG
D@@IJI?DKAG
MIJM
24$+@AA?>BN
FSDMAGDKAG+EFFW
?>BF ]**^
FSDMAGDKAG+?>BF+]T?D@d^
-11-
NLR-TP-2003-001
N(2,0&$?L"$DY+6/0+4/0" N(2,0&$?B"$GGXV$7/1F&15&0$k$7/1F&15&0$&'&E&14"
N(2,0&$?["$$3RUTDNd5$&Y+6/0+4/0$k$4H&0E+'$9+0$I(1$Y+7,,EP$4&54$'//6"
!"#$%&'()&$
*&+,,%(-#.-/01
2$3-3-45#
#*&53$&-3$
N(2,0&$?g"$V7H&E+4(7$/S$38;d5$S,''W5(_&$5(E,'+4(/1$4&54$0(2"
-12-
NLR-TP-2003-001
GH&$ 1&>4$ 54&6$ (1$ 4H&$ F&Y&'/6E&14$-+5$ 4H&$ 70&+4(/1$ /S$ +
S,''W57+'&$ 4&54$ 5&4W,6$ +4$ 38;$ S/0$ +$ E/0&$ 0&+'(54(7
5(E,'+4(/1$/S$4H&$GGXV"$!$60&'(E(1+0:$0(2$-+5$F&5(21&F
+1F$ 9,('4"$ =+5&F$ /1$ &>6&0(E&14+'$ 0&5,'45$ /94+(1&F$ -(4H
4H(5$ 0(2)$ 4H&$ S,''W57+'&$ 4&54$ 5&4W,6$ -+5$ F&5(21&F$ +1F
E+1,S+74,0&F"$ N(2,0&$ ?@$ 5H/-5$ +$ 6H/4/20+6H$ /S$ 4H&
7,00&14$ 4&54$ 5&4W,6$ (1$ 4H&$ 38;$ 7'(E+4&$ 7H+E9&0"$ N(2,0&
?g$F&6(745$4H&$57H&E+4(7$/S$4H&$5&4W,6"$%&4+('5$+0&$5H/-1
(1$S(2,0&$?L$I&Y+6/0+4/0P$+1F$(1$S(2,0&$?B)$+$56&7(E&1$/S
4H&$9+5&'(1&$GGXV$7/1F&15&05)$7/15(54(12$/S$?C$&'&E&145)
-H(7H$-(''$(14&0S+7&$4H&$;+E$k$.+Z&$H&+4$6(6&$0+F(+4/05
IN(2"$@P"$GH&$S(054$&>6&0(E&145$-(4H$4H(5$S,''W5(_&$4&54$5&4W
,6$:(&'F&F$Y&0:$&17/,0+2(12$ 0&5,'45`$GH&$60&55,0&$F0/65
+70/55$ 4H&$ 5:54&E$ 4,01&F$ /,4$ 4/$ 9&$ &Y&1$ 5E+''&0$ 4H+1
60&F(74&F`$!'E/54$(F&+'$(5/4H&0E+'(4:$(5$+660/+7H&F"
G/$54,F:$ 4H&$H&+4$ 40+15S&0$ (1$ Y+7,,E)$+'/12$ 4H&$ 4H&0E+'
9+0$ +1F$ S0/E$ 4H&0E+'$ 9+0$ 4/$ '//6$ &Y+6/0+4/0)$ +$ 4&54$ 0(2
-+5$ 9,('4$ +4$ 3RUTDN$ IN(25"$ ?[)$ KCP"$ D>6&0(E&145$ +0&
7,00&14':$ 7+00(&F$ /,4"$ V/E&$ 0&5,'45$ -(''$ 9&$ 60&5&14&F$ (1
4H&$1&>4$7H+64&0"
,10-)!2+)37022"48
X+'7,'+4(/15$-(4H$ +$ Y&0:$F&4+('&F$ 40+15(&14$GGXV$E/F&'
IN(2"$ K?P$ H+Y&$ 9&&1$ F/1&$ S/0$ E+1:$ 6/55(9'&$ /09(4+'
I&1Y(0/1E&14+'$ '/+F(12P$ 7+5&5"$ GH&$ /,47/E&5$ 7'&+0':
(1F(7+4&$4H+4$?A`
W!GH&$ GGXV$ -(''$ /6&0+4&$ -(4H/,4$ 60/9'&E5$ +4$ 4H&
1/E(1+'$ '//6$ 5&4W6/(14$ 4&E6&0+4,0&$ KLA$ U)$ S/0$ 4H&
1/E(1+'$ 7+5&$ +1F$ E/54$ /4H&0$ 4H&0E+'$ '/+F(12$ 7+5&5
IN(2"$KKP"
W!GH&$ 5&4W6/(14$ 4&E6&0+4,0&$ /S$ 4H&$ '//6$ H+5$ 4/$ 9&
(170&+5&F$9:$,6$ 4/$ 5+:$?C$U$ (1$ 5/E&$H/4$/09(4+'$ 7+5&5
IN(2"$KAP"
W!GH&$ (17/06/0+4(/1$ /S$ 4H&$ H&+4$ &>7H+12&0$ 9&4-&&1
&Y+6/0+4/0$(1W$+1F$/,4'&4$7/15(F&0+9':$0&F,7&5$4H&$60&W
H&+4&0$6/-&0$1&&F&F$IN(2"$KMP"
W!N(2,0&$ K@$ 60/Y&5$ 4H+4$ 4H&$ /,47/E&5$ /S$ 4H&$E&+5,0&F$ 4H&0E+'
9+0$ 4&E6&0+4,0&$ 20+F(&145$ +1F$ 4H&$ 4H&0E+'$ E/F&''(12
60&F(74(/15$+0&$(1$7'/5&$+20&&E&14"
X,00&14':$ 4H&$ E/F&''(12$ (5$ 9&(12$ 0&S(1&F$ +1F$ E/0&$ +77,0+4&
&1Y(0/1E&14+'$'/+F(12$7/1F(4(/15$-&0&$0&7&14':$60/Y(F&F$9:$4H&
l!#V$ <Y&0+''$ GH&0E+'m$ E+(1$ 7/140+74/0"$ \5(12$ 4H&5&$ 1&-
9/,1F+0:$ 7/1F(4(/15)$ 1&-$ 7+'7,'+4(/1$ 0,15$ -&0&$ &>&7,4&F$ S/0
Y+0(/,5$ /09(4+'$ &1Y(0/1E&145$ +1F$ '//6$ 4&E6&0+4,0&$ 5&4W6/(145"
GH&$S(054$0&5,'45$+0&$5H/-1$(1$4H&$S(2,0&5$Kg$+1F$KL"
"4#3-=",+0e:0-")04,*+!47+9"4!2+-0)!-/*
!6+04$S0/E$4H&$7H+''&12&$4/$F&Y&'/6$+$1/Y&'$4-/W6H+5&$4H&0E+'
7/140/'$ 5:54&E$ S/0$ 5,7H$ +1$ +FY+17&F$ &>6&0(E&14$ +5$ !#VWK)
38;$(14&0&54$+'5/$6&04+(15$4/$4H&$+7^,(0(12$/S$(1W/09(4$&>6&0(&17&
-(4H$ 0&+'$ 4-/W6H+5&$ 4H&0E+'$ 7/140/'$ 5:54&E5"$ 38;$ ]/(1&F$ 4H&
!#V$ X/''+9/0+4(/1)$ +5$ (4$ -+5$ 2,+0+14&&F$ 4H+4$ 4H&$ !#VWK
F/0E+14$ I1/1W/6&0+4(/1P$ 6&0(/F5$ 7/,'F$ 9&$ ,5&F$ 9:$ 38;$ 4/
&>&7,4&$F&F(7+4&F$&>6&0(E&145$ 4/$ 54,F:$ (1W/09(4$ 4-/W6H+5&$H&+4
40+156/04$5:54&E$4&7H1/'/2:$(55,&5"$GH&0&S/0&$4H&$GGXV$-(''$9&
&^,(66&F$ -(4H$ 5/E&$ &>40+$ H&+4&05)$ 5&15/05)$ +1F$ E&4&05"$ GH&
9+5&'(1&$6H('/5/6H:$-(''$9&$4H+4`
W!GH&0&$(5$E(1(E,E$0(5Z$S/0$G0+7Z&0$+1F$!#VWK"
W!!1:$ 6&0(/F$ !#V$ (5$ 1/4$ +74(Y&$ 7+1$ 9&$ ,5&F$ S/0$ 4H&0E+'
&>6&0(E&145
W!GH&0&$ (5$ +4$ '&+54$/1&$-&&Z$/S$ 4H&0E+'$&>6&0(E&145$F,0(12$ 4H&
S(054$5(>$E/14H5
W!#(1(E,E$6/-&0$+1F$E+55$-(''$9&$+FF&F"
W!GH&$GGXV$'//6$-('')$(1$60(17(6'&)$1/4$9&$(140,F&F"
N(2,0&$KB$F&6(745$ H/-$7/E6'(7+4&F$ 5,7H$ +$ S,'':$ 0&F,1F+14)$ S/0
&>40+$ 38;$ &>6&0(E&14+4(/1$ &^,(66&F)$ GGXV$ 7+1$ '//Z$ '(Z&"
T/-&Y&0)$ (4$ 7+1$+'0&+F:$9&$ 5+(F$1/-$ 4H+4$!#VWK$/Y&0+''$E+55
0&F,74(/1$0&^,(0&E&145$7&04+(1':$-(''$ '&+F$4/$+$'&55$7/E6'(7+4&F
5:54&E"$ GH(5$ -(''$ 0&+'(5&F$ 9:$ 6+04':$ 0&F,7(12$ 4H&$ 0&F,1F+17:
'&Y&'$0&^,(0&F$+1F$9:$4H&$F&'&4(12$/S$5/E&$7/E6/1&145"
N(2,0&$KC"$GH&0E+'$9+0$+00+:$-(4H$X<K$&Y+6/0+4/0$7/11&74(/1$S/0$4H&0E+'$Y+7,,E$4&54(12$+1F$F&4+('$/S$7/11&74(/1"
-13-
NLR-TP-2003-001
n
N(2,0&$K@"$GH&0E+'$9+0$#/F&''(12$+1F$5(E,'+4(/1$0&5,'45"
N(2,0&$KM"$8(^,(F$4&E6&0+4,0&5$&14&0(12$6,E6`$DSS&74
/S$4/4+'$E+55$/S$0+F(+4/05$IK>?A$Z2bK>?B$Z2P$k$/09(4"
N(2,0&$KK"$R1S',&17&$/S$60&5&17&$/S$H&+4!&>7H+12&0" N(2,0&$KA"$GGXV$0&56/15&$4/$S+(',0&$/S$K$H&+4$6(6&5"
aX%+`.+Q+[X'+`.
O%X(+`.+Q+OOX(+`.
O$XZ+`.+Q+OZXO+`.
)FDLIGFW+Q+*>JI?DK>AB
βf(%P\+UMGO(\$%\O(6+;BDT?F+KA
++++++++JD>BKD>B+LFK#MA>BK\
++++++++++++++++LY>EK+R(+°.
βf%P\+JMD6+gILK+DT?F+KA+JD>BKD>B+LFK#MA>BK
hDSFGDNF+f+Z%+<QTGDB@Y
hJDV+f+OO'+<QTGDB@Y
hDSFGDNF+f+O'+<QTGDB@Y
hJDV+f+&$+<QTGDB@Y
OO+<\+WIF+KA+LFK#MA>BK
4AGJD?+AMFGDK>AB
+T(%\+UMG+O(\$%\O(
2>HI>W+?>BF+KFJMFGDKIGF\+C>KY
GDW>DKAG+C>KY+$+1:L+MIB@KIGFW
N(2,0&$K?"$!#VWK$#/F&''(12$F+4+$&>7H+12&$F(+20+E"
-14-
NLR-TP-2003-001
!5$5+(F$9&S/0&$4H&$E&7H+1(7+'$6,E65$+0&$70(4(7+'$(55,&5$(1
4H&$GGXV)$9&7+,5&$/S`
W! $GH&$ +'E/54$ 7/E6'&4&$ '+7Z$/S$ (1W/09(4$ &>6&0(&17&$-(4H
E&7H+1(7+'$ 6,E65)$ 7&04+(1':$ 1/4$ S/0$ '/12$ F,0+4(/1
E(55(/15$+5$4H&$!#VWK$E(55(/1"
W! $ GH&$-/0Z(12$ S',(F$ X<K)$ -H(7H$ H+5$ 4/$ /6&0+4&$ +4$ 5&4W
6/(14$ 4&E6&0+4,0&5)$ -H(7H$ 7+1$ 9&$ 0&'+4(Y&':$ 7'/5&$ 4/
70(4(7+'$6/(14"
!5$+$7/15&^,&17&$/S$4H&$+9/Y&)$4H&$9+5&'(1&$GGXV$6H('/5/6H:$(5
4/$ (17',F&$ 4-/$ /0$ &Y&1$ 4H0&&$ 6,E65$ 6&0$ '//6"$ GH&5&$ 7,00&14':
F&Y&'/6&F$ 6,E65$ +0&$ ,620+F&F$ Y&05(/15$ /S$ 4H&$ #+05$ ;/Y&0
6,E6)$9&(12$+F+64&F$S/0$X<KW/6&0+4(/1"
R1$7/17',5(/1$(4$7+1$9&$5+(F$4H+4)$ 4H/,2H$ 4H&0&$ (5$E,7H$-/0Z$ 4/
9&$F/1&)$ 4H&$G0+7Z&0$GH&0E+'$X/140/'$V:54&E$ (5$ /1$ 4H&$60/6&0
40+7Z"
N(2,0&$KL"$3&-$0&5,'45$S/0$5&Y&0+'$/09(45$+1F$5&4W6/(14$4&E6&0+4,0&5)$-(4H$+1F$-(4H/,4$H&+4$&>7H+12&0"
N(2,0&$Kg"$3&-$'(^,(F$5,9W7//'(12$0&5,'45$S/0$5&Y&0+'$/09(45$+1F$5&4W6/(14$4&E6&0+4,0&5)
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$-(4H$+1F$-(4H/,4$H&+4$&>7H+12&0"
F
GF
HFF
HGF
DFF
DGF
HIFFF HJFFF DFFFF DDFFF DKFFF DIFFF DJFFF
!,#")L3"BM
9%
"@
A
"&
'"
%)9
67
"%
)LC
M
N;!OPF@D@HFPH@DQJE
NRGF@HG@DF@HG@DJSE
NRQG@HG@DF@HG@DJJE
N@QGRHG@DF@HG@DQSE
NPF@D@HFPH@DQJEPAT
NRQG@HG@DF@HG@DJJEPAT
N@QGRHG@DF@HG@DQSE@AT
@KF
@SG
@SF
@DG
@DF
@HG
@HF
@G
F
HHFFF HSFFF HGFFF HQFFF HUFFF DHFFF DSFFF DGFFF DQFFF
!,#")L3"BM
V(
:B
66
5,-
*)
)!
5,>
@!
3"
')L
W0
M
N;!OPF@D@HFPH@DQJE NRGF@HG@DF@HG@DJSE
NRQG@HG@DF@HG@DJJE N@QGRHG@DF@HG@DQSE
NPF@D@HFPH@DQJEPAT N@QGRHG@DF@HG@DQSE@AT
-15-
NLR-TP-2003-001
43)04.2!,;-0
!#V !'6H+$#+21&4(7$V6&740/E&4&0
!*V !95/',4&$*0&55,0&$V&15/0
X*8 X+6(''+0:$*,E6&F$8//6
%!X %+4+$!7^,(5(4(/1$k$X/140/'$V:54&E
%*V %(SS&0&14(+'$*0&55,0&$V&15/0
%* *0&55,0&$%(SS&0&17&$I*+$/0$E=+0P
TGX T&+4$G0+15S&0$X/&SS(7(&14$I.bEK"UP
R3N3 R4+'(+1$R154(4,4&$S/0$3,7'&+0$*H:5(75
RVV R14&01+4(/1+'$V6+7&$V4+4(/1
8N# 8(^,(F$N'/-$#&4&0
8T* 8//6$T&+4$*(6&
#*8 #&7H+1(7+'':$*,E6&F$8//6
3RUTDN %,47H$R154"$S/0$3,7'&+0$k$*+04(7'&$*H:5(75
38; %,47H$3+4(/1+'$!&0/56+7&$8+9/0+4/0:
;RXT ;(12$RE+2(12$XH&0&1Z/Y$X/,14&0
V*8 V(12'&W*H+5&$8//6
VR3GDN 3/0-&2(+1$N/,1F+4(/1$S/0$V7(&14(S(7$+1F
$ R1F,540(+'$;&5&+07H
V;% V:17H0/40/1$;+F(+4(/1$%&4&74/0
VGV V6+7&$G0+156/04+4(/1$V:54&E$IVH,44'&P
GX GH&0E+'$7/140/'
G# GH&0E+'$#/F&'I'(12P
G/N G(E&$/S$N'(2H4
G*c GH&0E+'$*:0/':4(7$c0+6H(4&
G*TGV G-/W*H+5&$T&+4$G0+156/04$V:54&E
G;% G0+15(4(/1$;+F(+4(/1$%&4&74/0
GGXV G0+7Z&0$GH&0E+'$X/140/'$V:54&E
QhV Q+6/,0$h,+'(4:$I#+55$N0+74(/1P$V&15/0
-090-04.0*
?"$Q(&04&')$c"#")$X+6&'')$#")$GH&$!'6H+$#+21&4(7$V6&740/E&4&0)
3,7'&+0$ R1540,E&145$ k$ #&4H/F5$ (1$ *H:5(75$ ;&5&+07H$ !M?[)
?[[B)$66"$K[@WK[["
K$ %&'(')$ !"!"#")$ ;&5&+07H$ R55,&5$ /1$ G-/W*H+5&$ 8//65$ S/0
V6+7&$!66'(7+4(/15)$38;WG*WKCCCWLCA)$*0/7"$RV!V$V:E6"$/1
V6+7&$N'(2H4$#&7H+1(75)$V+2+E(H+0+)$a+6+1)$KCCC"
A"$%&'(')$!"!"#")$./&0(12)$!"!")$Q&0'++4)$=")$=/&0$;//ZH,(_&1)
T")$ *&00(1)$ D")$ */H')$ #")$ =+44(54/1)$ ;")$ N&+5(9('(4:
%&E/1540+4(/1$ /S$ #&7H+1(7+'':$ $ *,E6&F$ G-/W*H+5&$ X<K
X//'(12$8//6$ S/0$ 4H&$!#VWK$G0+7Z&0$D>6&0(E&14)$38GWG*W
KCC?WALg)$ X/1S"$ /1$ GH&0E/6H:5(75$ (1$ #(70/20+Y(4:)$ !R*
*0/7"$ V6+7&$ G&7H1/'/2:$ +1F$ !66'(7+4(/15$ R14"$ N/0,E)
!'9,^,&0^,&)$\V!)$KCCK"
M"$ ./&0(12)$ !"!")$ *+,-)$ !")$ %&'(')$ !"!"#")$ !#V$ G0+7Z&0
GH&0E+'$X/140/'$V:54&E)$38;WX;WKCC?WA[A)$KCC?"
@"$$=/&0$;//ZH,(_&1$T"$&4$+')$GH&$X<K$X//'(12$V:54&E$S/0$4H&
8TX9$Q&04&>$%&4&74/0)$3RUTDN$8TX9$3/4&bQD8<)$KCC?"
g"$ X+0&:"$ Q"$ *")$ 8(^,(FWQ+6/0$ *H+5&WXH+12&$ *H&1/E&1+)
T&E(56H&0&$*,9'(5H(12$X/E6+1:)$.+5H(124/1)$?[[K"
L"$U+1F'(Z+0)$ V"c")$!$c&1&0+'$ X/00&'+4(/1$ S/0$ V+4,0+4&F$ G-/W
*H+5&$ N'/-$ =/('(12$ T&+4$ G0+15S&0$ (15(F&$ T/0(_/14+'$ +1F
Q&04(7+'$G,9&5)$a"$T&+4$G0+15S&0)$??K)$?[B[)$66"$K?[WKKB"
B"$ *&44&05&1)$ a")$ ;(&9&0&0)$ ;")$ #,1Z&]/0F)$ V"G")$ T&+4$ G0+15S&0
+1F$ *0&55,0&$ %0/6$ S/0$ N'/-$ /S$ V,6&070(4(7+'$ +1F$ V,970(4(7+'
N(2,0&$KB"$*0&'(E(1+0:$S,'':$0&F,1F+14$GGXV)$&^,(66&F$-(4H$&>40+$&>6&0(E&14$7/E6/1&145"
-16-
NLR-TP-2003-001
X<K$ (1$#(70/7H+11&'$G,9&5)$3/0-&2(+1$\1(Y&05(4:$/S
V7(&17&$ +1F$ G&7H1/'/2:b$ VR3GDN$ D1&02:$ ;&5&+07H)
G;$!@?KL)$KCCC"
["$ %&'(')$ !"!"#")$ lG,4/0(+'$ /1$ V(12'&WX/E6/1&14$ +1F
G-/WX/E6/1&14$ G-/W*H+5&$ N'/-$ k$ T&+4$ G0+15S&0`
X/EE/1+'(4:$ +1F$ %(SS&0&17&m)$ 38;WG*WKCC?WM?L)
X/1S"$ /1$ GH&0E/6H:5(75$ (1$ #(70/20+Y(4:)$ !R*$ *0/7"
V6+7&$ G&7H1/'/2:$ +1F$ !66'(7+4(/15$ R14"$ N/0,E)
!'9,^,&0^,&)$\V!)$KCCK"
?C"$ %&'(')$ !"!"#")$ lG,4/0(+'$ /1$ h,+14(S(7+4(/1$ /S
%(SS&0&17&5$ 9&4-&&1$ V(12'&WX/E6/1&14$ +1F$ G-/W
X/E6/1&14$G-/W*H+5&$N'/-$k$T&+4$G0+15S&0m)$X/1S"
/1$ GH&0E/6H:5(75$ (1$ #(70/20+Y(4:)$ !R*$ *0/7"$ V6+7&
G&7H1/'/2:$ +1F$ !66'(7+4(/15$ R14"$ N/0,E)
!'9,^,&0^,&)$\V!)$KCCA"
??"$ Q&0'++4)$ =")$ U0(]2&0)$ D")$ l*&0S/0E+17&$ G&54(12$ /S$ 4H&$ !#V
GGXV$ X<K$ DY+6/0+4/0m)$ 3RUTDN$ !V;WGW$ CC?b#G$ C?WCK)
KCC?"
?K"$%&'(')$!"!"#")$./&0(12)$!"!")$Q&0'++4)$=")$%&Y&'/6E&14$/S
+$ #&7H+1(7+'':$ *,E6&F$ G-/W*H+5&$ X<K$ X//'(12$ 8//6$ S/0
4H&$ !#VWK$ G0+7Z&0$ D>6&0(E&14)$ 38;WG*WKCCKWKL?)$ V!D
KCCKWC?WKMg@)$ *0/7"$ AK1F$ R14"$ X/1S"$ /1$ D1Y(0/1E&14+'
V:54&E5)$V+1$!14/1(/)$\V!)$KCCK"
?A"$./&0(12)$!"!")$*+,-)$!")$Q0(&5)$!"."c"$F&)$%&'(')$!"!"#")
Q&0'++4)$ =")$ lGH&0E+'$ E/F&''(12$ R55,&5$ X/17&01(12$ 4H&
#&7H+1(7+'':$*,E6&F$G-/W*H+5&$X<K$X//'(12$8//6$ S/0$ 4H&
!#VWK$ G0+7Z&0m)$ 38;WG*WKCCKWKLK)$ V!DWKCCKWC?WKMgg)
*0/7"$AK1F$R14"$X/1S"$/1$D1Y(0/1E&14+'$5:54&E5)$V+1$!14/1(/)
\V!)$KCCK"
